Thiram and Ziram wastewater is a type of pesticide wastewater with high COD, high ammonia nitrogen and unpleasant odor. In this paper, Fenton, iron-carbon, micro-electrolysis, Electro-Fenton and other methods were used to treat theThiram and Ziram wastewater, the Electro-Fenton process is best. And the improved Electro-Fenton plant was used treat wastewater to explore the impact of pH, current density, packing ratio and amount of filler on the removal efficiency of COD. The optimal operating conditions with low processing cost and high removal efficiency were determined. The results showed that the COD removal efficiency of the modified Electro-Fenton process for the treatment of the ThiramandZiram wastewater was increased from 52.96% to 75.62%.Based on the result, the higher current density and the more the filler content, the higher the removal efficiency. The optimum H is 3, optimumiron-carbon ratio is 1 to 2.
INTRODUCTION
Pesticide wastewater has great harm to the environment due to the complex composition of pollutants, poor biodegradability, unpleasant odors, and difficult to handle [1] .Thiram and Ziram, as fungicides and insecticides, due to their low toxicity and high efficiency, they are widely used in crop disease prevention and control. The molecular formulae are C6H12N2S4 and C6N12N2S4Zn, the structural formula shown in figure 1. Commonly advanced oxidation methods are used to treat such wastewater such as Fenton process [2] , iron-carbon method [3] , microelectrolysis [4] , and photocatalytic oxidation process [5] . The Electro-Fenton process is an emerging advanced oxidation method. A large number of experiments have shown that the Electro-Fenton process has a very good treatment effect on food wastewater [6] , printing and dyeing wastewater [7] [8] , nitrobenzenes [9] [10] , semi-coke wastewater [11] and so on. This method has low secondary pollution. Meanwhile, compared with Fenton process, the cost is lower, the operation is simpler , the automation control is easier, and the biodegradability of wastewater can be improved [12] . As a good pretreatment method, it has received a lot of attention in recent years. The reaction principle [13] is that H2O2 from reaction (1) reacts with Fe2+ to form a lot of hydroxide radicals and Fe3+ (reaction 2). And then, Fe2+ is generated at the the cathode by reaction (3) 
（3）
Electro-Fenton process as an emerging advanced oxidation method, there was little research on the treatment of agrochemical wastewater. At present, there was no report on the treatment of Thiram and Ziram wastewater by Electro-Fenton. In this paper, Electro-Fenton process was used to treat Thiram and Ziram wastewater , and the three-dimensional electrodes was used to improve the experimental device to increase the electrode surface area. At last, the best operating conditions was investigated.
EXPERIMENTAL Sample
The experimental water is the wastewater from a factory in Hebei province. The water's CODCr is 29607.5 mg/L, the conductivity is 9.62×103μm/cm, and the pH is 7.5.
Experimental Equipment
Lianhua Science and Technology COD 5B-3A (V7) Rapid Detector, Leici DDS-11A Digital Display Conductivity, Leici PHS-3CPH Meter, CJJ78-1 Magnetic Heating Stirrer, High Speed Centrifuge, MS -3050 DC power supply HH-2 digital water bath, resistance furnace.
In this experiment, the Electro-Fenton device uses a glass electrolytic cell. The anode is a self-made electrode plate that Ti-based and SnO2-Sb2O5 coated. Two cathodes are graphite plate, the size is 5cm×5cm×1mm.The third electrode is columnar activated carbon and iron nail. Nine holes were drilled on the plate to facilitate electrolyte flow. The surface area of the electrode plate is 40 cm2. The Electro-Fenton experimental device is shown in Fig.2 , and the modified ElectroFenton experimental device is shown in Fig. 3 . 
Preparation of Electrodes
The DSA electrode Ti-based and SnO2-Sb2O5-coated was prepared according to the literature [14] [15] . The specific process is as follows.
TITANIUM PLATE PRETREATMENT
Titanium plates with a size of 5cm x 5cm were grinded by sandpaper, rinsed with deionized water, placed in a 40% NaOH solution, heated in a water-bath at 95°C for 2 hours. Take out the plate, washed with deionized water, and placed In a beaker with Hydrochloric acid solution (rate of HCl to water is 1 to 1) which heated in a water-bath at 95°C for 1 hour. Finally, a matt gray titanium plate was obtained.
PREPARATION OF SURFACE COATING
Take 26.6g of SnCl4·5H2O, 1.9g of SbCl3 and 1ml of HCl in 100ml of nbutanol, stir well, paint evenly on the treated titanium plate with a brush, and dry in an oven at 100°C for about 10 minutes. The plates were oxidized in a muffle furnace at 500 for 15 minutes. This was repeated 15 times and finally annealed in a muffle furnace at 500°C. for 1 hour . The DSA electrode of the was completed.
Test Methods

WASTEWATER PRETREATMENT
The Na2ZnO2 contained in the wastewater reacts with sulfuric acid (reaction 4) and produces Zn(OH)2 precipitates. Zn(OH)2 acts as a flocculant to separate some of the organics from the wastewater. Therefore, the wastewater was acidified and pretreated. The pH of the sample was adjusted to approximately 3 with H2SO4 and filtered. Samples were taken three times and averaged to obtain a COD of 18,575 mg/L. 
EXPERIMENTAL PROCEDURE
Test method: Add 150ml of pretreated wastewater to pH=3, add 0.18g of FeSO4·7H2O and 2ml of H2O2 to the water, stir, and calculating time. Every hour during the reaction, the sample was taken once every hour. The pH of the sample was adjusted to about 9, and centrifuged with a high-speed centrifuge to get the COD of the supernatant. Each sample was measured three times and averaged.
IRON-CARBON METHOD
Test method: Add 150ml of pretreated wastewater to pH=3 and add it to a beaker. Add two pieces of iron and carbon to the water, aerate and start timing. Every hour during the reaction, the sample was taken once every hour. The pH of the sample was adjusted to about 9, and centrifuged with a high-speed centrifuge to get the COD of the supernatant. Each sample was measured three times and averaged.
ELECTRIC-FETON METHOD
Test method: Take 150ml of wastewater and adjust the pH=3 into the electrolytic cell, connect according to the Fig. 2 , add 0.18g FeSO4·7H2O, and begin to aerate the cathode, turn on the power switch, adjust the current density to 12.5mA/cm2, start timing. Every hour during the reaction, the sample was taken every hour. The pH of the sample was adjusted to about 9, and centrifuged with a high-speed centrifuge to determine the COD value of the supernatant. Each sample was measured three times and averaged.
THREE-DIMENSIONAL DOUBLE CATHODE ELECTRO-FENTON METHOD
Test method: Take 150ml of wastewater and adjust the pH=3 into the electrolytic cell, add 10g columnar activated carbon, 5g iron nails and four surface-plated SnO2ceramic balls, connect according to the device diagram of Figure 3 , and begin to aerate the cathode, open Power switch, adjust the appropriate current, the current density selected in this experiment is 12.5mA/cm2, start timing. Every hour during the reaction, the sample was taken once every hour. The pH of the sample was adjusted to about 9, and centrifuged with a high-speed centrifuge to determine the COD value of the supernatant. Each sample was measured three times and averaged. Figure 4 shows the COD removal rate of the five methods to treat wastewater. As shown in the figure, the COD removal rate of the Electro-Fenton process is significantly higher than that of the iron-carbon method, the micro-electrolysis method, and the Fenton method, and the COD removal rate of the improved Electro-Fenton method is greatly improved. The removal rate of Efficient-Fenton method is 52.96% after 6 hours, and the improved Electro-Fenton method has 75.62% removal rate after 6 hours, but the Fe-C method, the micro-electrolysis method, and the Fenton method only have 20.97%, 22.91%, 27.65% removal rate after 6 hours.
Experimental Results and Discussion
COMPARION OF FIVE ADVANCED OXIDATION TREATMENY'S EFFCIENCIES
Experiments have shown that the removal efficiency of Electro-Fenton and modified Electro-Fenton are much higher than those of iron carbon, Fenton, and micro-electrolysis. It is because the graphite cathode plate occur reaction (1) to produce H2O2 and H2O2 reacts with Fe2+ in water like formula (2), continuously generating a large amount of hydroxyl radicals, and Fe2+ can be generated at the cathode cycle, making the experiment Continued afterwards. 
Determination of Influence Factors of Improved Electric-Fenton Process pH EFFECTON REMOVAL EFFICIENCY
The experimental results are shown in Fig. 5 . When pH is between 1 to 5, the higher pH, the higher COD removal rate. When pH is 1, the removal rate is 52.31%.When pH is 3,the effect of processing is best , the removal rate of is 75.66%, it's very good result. Then removal rate decreased with the increase of pH, and at pH is 5, only 48.98%. This result is consistent with the results of other Fenton reactions. It is because that if pH is too low, a side reaction of hydrogen evolution like that of equation (4) will occur. However, if pH is too high, part of the iron ions will precipitate and it will also inhibit H2O2 production. The experimental results are shown in Figure 6 . The treatment effect increases with the increase of current density. When the current density is 5mA/cm2, the COD removal efficiency is 42.76%. With the increase of current density, the COD removal efficiency increases until the current density is 20mA/cm2, the highest COD removal efficiency is 79.24%. When the current density was from 12.5 mA/cm2 to 20 mA/cm2, the growth rate of COD removal efficiency began to decrease significantly. This may be because when the current density is large enough, H2O2 will decompose into water, leading to a slowdown in removal efficiency. Taking into account the issue of operating costs, the current density selected was 12.5 mA/cm2 in this experiment. The pH value is 3 and the reaction time is 6 hours.)
EFFECTOF IRON-CARBON RATIOON REMOVAL EFFICENCY
Experimental reaction conditions：current density is 12.5 mA/cm2, 3 of pH, and reaction time 6 hours. The ratio of iron to carbon in the filler are separately 1 to 4 ( in which nail is 2.5g and activated carbon is 10g), 1 to 2 ( in whichnail 5g, activated carbon 10g ) and 1 to 1 ( in which nail is 10g and activated carbon is10g.)
The experimental results (Fig.7) show that the treatment effect is close when the the iron-carbon ratio in the filler is 1 to 2 and 1 to 1, the COD treatment efficiency is 75.66% and 76.11%, respectively. But considering the treatment cost, the fomer is better. 
EFFECT OFTHE AMOUNTOF FILLERONTHE REMOWAL EFFICENCY
The experimental results are shown in Fig. 8 . The removal efficiency of COD increases with the increase of the filler amount. When10 gram of iron nail, 20 gram of C, the COD removal efficiency is best after 6 hours, which is 78.96%. When 5g of iron nail and 5g of C, the COD removal efficiency was lower at 49.62% after 6 hours. This is consistent with the relevant research results of ironcarbon microelectrolysis. The more the amount of filler, the higher the removal efficiency. When the amount of filler reaches a certain value, the increase of COD removal rate will decrease, tending to a fixed value. 
CONCLUSIONS
In this experiment, Electro-Fenon was used to treat high-concentration Thiram and Ziramwastewater, and solid-phase double-cathode, three-dimensional Electro-Fenton modification was performed, and a small ceramic ball with SnO2 was used as a solid phase catalyst. Electro-Fenton experiments were performed with iron-carbon fillers, and iron and columnar activated carbon particles were added to the electrolyte. This eliminates the need for additional Fe2+ ions, meanwhile the efficiency increases.
The COD removal rate of improved Electro-Fenton process to treat Thiram and Ziram wastewater for 6 hours is 75.62%, which is superior to conventional advanced oxidation methods, and can significantly reduce operating costs and facilitate automation.
Research shows that the optimum operating conditions of high-concentration Thiram and Ziram wastewater under the modified Electro-Fenton process. When current density is 20 mA/cm2, pH is 3, the ratio of iron nail to C is 1 to 2, and the amount of iron nail is 10g, the amount of C is 20g, the treatment effect is better.
